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with Cr+Au evaporated electrode






















 Cut angle definition Parameter of vibrator
θ = 135deg























































Fig.5  No-load revolution speed of upper mode
Table1  Measurement results of Equivalent
 circuit constants by ImpedanceAnalyzer








300mN}F : Load force (N)
Torque : T = ( F - mg )??r  (Nm)
m : Weight (kg)
r : radius of shaft (m)
Mechanical output : Pout =  T?2πΩ / 60 (W)
Ω : Revolution speed (rpm)
















Shaft φ 3,5,8 mm
φ24.5mm
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Fig.8 Rotation characteristics of upper mode 
(fD=294kHz)
Fig.9 Rotation characteristics of upper mode 
(fD=292kHz)
Fig.11  Rotation characteristics of lower mode 
(fD=285kHz)






















Driving frequency fD (kHz)
Max. Pin= 8.49mW
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Torque T (µNm)
(Sample-B)
upper mode
Preload 300mN
VD=2.70Vrms
Shaft φ5mm
fD=294kHz
Pin=3.4~4.4mW
φ=-41~-52
o
Iin=2~2.2mA
